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SUMMARY

The Armed Services Vocationmal Aptitude Battery (ASVAR), consisting
of 10 subtegts, is the primary instrument for aszessing abilities of
young men and women enlizting in the Armed Forces. To taske advantage of
advances in the fileld of mental measurement, the Armed Forces and the
Department of Defense have supported development of a computerized
adaptive version of the ASVAB. This report describes the procedures
used to develop and calibrate item vpools for this new test,

Content aress for the computerized ASVAB were the same as those used
in the conventional ASVAB, with two exceptions——no ltems were written
for the speeded subtest areas, and the Auto and Shop Information subtest
was divided into two separate content areas, Domain specifications for
the content areas were developed, and over 3,600 ftems were written and
pretested. Pretesting took place in Recruit Training Centers (RTICs}
and employed an equivalent-groups design, The item response data were
analyzed using classical and item response theory {IRT) procedures,

The pretesting data indicated that, while the item discrimination
parameters were satlafactorily high, more easy items would be required
to achieve the desired ractangular distribution of item difficulty
parameters.

Additional esasy items were developed, and approximately 200 items
from each content area wele selected for calibration in 63 Military
Entrance Processing Stations (MEPS) located throughout the nation. Both
an equivalent—groups design and & joint-callibration design using matched
experimental and operational test data wére employed in analyzing the
data. The IRT a, b, and c parameters computed using the joint-calibration
approach were recommended for operational use,
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PREFACE

This technical report and the item pool development effort it
describes were completed as part of the Omnibus Item Pool and Test
Development Project (Contract F~33615-81-C~0020), This project was
completed by Assessment Systems Corporation, St. Paul, Minnesota, for
the Air Force Human Resources Laboratory, Brooks AFB, Texas,

Special appreciation is expressed te Dr., Malcolm Ree of the Air
Force Human Resources Laboratory and to Dr, Jerome Lehous of the
Military Entrance Processing Coumand for their contributions to and
gupport of this project.
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ARMED SEBVICES VOCATIONAL APTITUDE BATTERY:
DEVELOFMENT OF AR ADAPTIVE ITEM POOL

I. INTRODUCTION

The Armed Forces Qualification Test (APQY), first introduced in
1950, was a mental test battery developed jointly by the Armed Forces
for screeving potential recruits., The AFQT was a paper—snd-pencil test
aduinistered to groups of examipees, It was composed of three power
subtests that contained vocadulary, arithmetic reasonlng, and spatial-
relations items. The AFQT was revised in 1933, 19536, asud 1960, In
1972, sach service began to administer its own test battery, using
that battery to estimate as A¥QT scove. In 1973, joint development
efforts smoung the services led to the development of a new, commen
test battery-—the Armed Services Vocational Aptitude Battery (ASVAB).
Again, the new battery was used to estimste AF(T scores for potential
recruits. It was also used to make classification decisions for each
of the services.

The ASVAB went through several revisions over the vears. BSince
1980, the operational ASVARs have consisted of 10 subtests. These
subtests are General Science, Arithmetic Ressoning, Word Xnowledge,
Paragraph Comprehension, Mumerical Operxations, Coding Speed, Auto~Shop
Information, Mathematics ¥nowledge, Mechanical Comprehensicn, and
Electronicas Information. The scores from four of the subtests
{Arithpetic Ressoning, Word Enowledge, Paragraph Comprehenaion, and
Numerical Operations) are used to compute an AFQY score, which is then
used to determine an examinee’s eligibility for military service.

S8ince 1978, congideration has been given to the development of a
computerized adaptive varsion of the ASVAB. Computerized adaptive
testing (CAT) has & number of advantages over paper-and-pencil group
tests., Among theee advantages are ipproved test efficlency, more
unifors measurement pracision for examinees at different abilicvy
levels, and iaproved item~pool security, This report describes the
procedures used to develop and calibrate an ftem pool for a
computerized adaptive version of the ASVAB, It also describes the
results of those afforts and suggests Ffurther development needs.

Computerized Adaptive Testing

Computerized adaprive testing, or tallored testing, is one of the
newegt products of psychometric research. A major development in
psychometrice, CAT promises to substentially ieprove the quality of
measuremant. CAT takes advantage of modern test theoriss and recent
development# in computer technology ro improve both the efficlency and
the accuracy of testes.

Computerized adaptive tests provide greater efficiency and equally
precise measurement at different levels of abllity hecsuse the tests




are dynamically talilored to each examinee’s level of sbility. A
variety of testing strategles have been proposed for adaptive testing.
Y These have been described clsevhere (e.g., Weiss, 1974) and will not be

- detailed here. In general, after each response by ap examineec, 3

N provisional ability estimate is calculated. This estimate iz used to
g select from the item peol the next test item that is most appropriaste four
- the examinee, Appropriateness is usually defined mathematically, usiag the

. tools of Ltem response theory (IRT) described below. That item is then

v adminiatered and the process is repeated until some test termination
eriterion is reached. Because examipnees are administered different and
non~randomly selected subsets of ftemg, clessical test scoring and avalygis
procedures are {nadeguate. Thus, in addition to providing s basgls fer item
selection, IRT procedures are used to place test scores on a common meiric
. for examinees taking different subsets of items.

K. A basic element of an adaptive test is the item pool. Requirements
.- for CAT item pools differ from those used to comstruct conventional

g tests, The CAT item pool must contailp sufficient numbers of items that
g: are appropriate for each examinee’s ability level. 4s a result, CAT

. item pools typically contain more items than do conventional teats, and
2 the item difficulties span a wider range of difficulty.

- Item Response Theory

IRT specifies a general mathematical relatfonship between an
.- individusl’s status on an underlying trait and the characteristics of a
test {tem. IBY actually refers to a general class of psychometric

LN wodels. Included are models for dichotomous vesponses (Birnbaum, 1968;
-~$ Lord & Nowick, 1968), polychotomous responses (Bock, 197%; Samejima,
- 1969, 1972), and continuous responses (Sameiima, 1974). These models
j: have been developed for applications in which unidimensional twvalts are
L measured., Hambleton and Coock (1977) present an overview of unidimensional
' IRT models,

The current effort considered only one IRT model: the three-—
parameter logistic model. In this model, the ites is characterized by the
three parameters a, b, and ¢, and ability is characterized by a single
parameter, theta. The a parameter 1s an index of the ltem’s power to
discriminate among different levels of ahility. Theoretically, it ranges
B between negative and poaltive infinity. Practically, it ranges between 0,0
A and about 2,5 when ability is expressed in & standard-score metric, A
,;. negative a parameter would mean that a low~ability exsminee had a better
g - chance of zuswering the item correctly than did a high-ability examinee, An
a parameter of zero would mean that the item nad nec capacity te
digcriminate between different levels of ablility {(and would therefore be
- i ugeless as an item in & power test). Irems with high a parameters provide

i sharper discriminstion smoug levels of ability and are generally more
desirable in CAT item pools than are items with low a parameters.




The b parameter indicates the difficulty level of an ftem, It is
scaled in the same wetric as ability and indicates the value of theta
at which the examinee has a 50~30 chance of knowing the correct answer
to the item. However, this is not the level of theta at which the
examinee has a 50~50 chance of selecting the correct answer if it is
posaible to anaver the item correctly by guessing.

The ¢ parameter gives the probability with which a very low-~
ability examinee would answer the ftem correctly. It is often called
the guessing parameter because it 1s roughly the probability of
answering the item correctly if the examinee doaes not know the answer.
Intuitively, the ¢ parameter of an item should be the reclprocal of the
number of alternacives in the item, Emplrically, it is usually
aomewhat lower than this,

All four parameters ave used in the three-parameter logistic model
to determine the probability of a correct response. The mathematical
relationship L8 given by Equation 1, which showe the probability of a
correct response to item g for an examinee with ahility theta (8).

Pg(®) = cp + (1~ ) Wl L7a, (& ~by)] (1)

wherse
¥(x) = [ 1 +exp(~x) 171,
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jf digeriminating power of the test items, In addition, multidimension-~
ality may become & greater problem when the domain specifications for
the content areas are broadened to increase the range of item difficulties.

Other differences between the item pools for conventional and CAT

tests result from rthe computerized wmode of administration., For
example, the size of the computer terminal’s screen limits the amount
! of text that an item may contain, and the resolution of the screen
limits the complexity of the 1llustrations that may accompany the

ki items. In developing a CAT version of the ASVAB, the size of the

. screenu will have an impact on the length of the reading passages in the

i Paragraph Comprehenslon subtest, Moreover, computerized presentation may
' affect content arzas differently. For example, the resclution of the screen
ray have little effect on the ililustrations accompanying iltems ir areas such
a8 Shop Information, but may grestly limit the amount of complexity that can
be used {o the fllustrations for Mechanical Comprebension items,

Speeded tests such as the Numerical Operstions and Coding Speed
subtesis on the paper~and-pencil ASVAB present problems for both
adaptive testing and computerized test administration. On speeded
tesats, the probability of correctly responding to an item is close to
1.00, assuvming that the examinee reads and responds to the item before
the tiwe limit is reached, Adaptive testing is not practical in areas
measured by itemes of essentially equal difficulty, and standard IRT
procedures are not appropriate for speeded tests, They are not
appropriaste because the relationship between ability and a correct
response to 2 speeded test item is not solely a function of the item
discrimination, the item difficulty, and the probability of correctly
reaponding tc an item by chance. Additlonally, the computer hardware
used for administering speeded ftems will affect the scores,
Consequently, speeded tests must be administered with the same hardware
uged to calibrate the items in orderx for the norming data to be usgeful,
No items for speeded tests were developed in this project.

k Procedures

R Items for the initial CAT ASVAB were developed in nine content

' axeas, These contenh aress were the same as those used in the

; convantional paper-snd-pencil ASVAR with two exceptions—uo items were

] developed for the speeded subtests, and the Auto and Shop Information

, subtest was divided into two separate comtent areas, The nine content
N areas were thus General Science, Arithmstic Reasoning, Word Xnowledge,

Faragraph Comprehension, Automotive Information, Shop Information,

Mathematlcs Knowledge, Mechanical Comprebension, and Electronics

Information. All of the items originally developed had five

5 alternstives in a multiple~choice format. Appendix A contains the
{ guidelines that were used in writing the items within each of the
) content areas.

i et b e e T PR Y K R T N R RN O SN oA D s oTm L S5

LA T Y CA N Py WLt O P T S T 1

Lot Bl S M B e Ry B o, P a5 o R b B L, T g




411 of the items were subject to a four-phase editing process,
After each item was written, it was given to a technical editor who
corrected grammarx, spelling, and typographical errors, end who, if
necessary, rewrote the item to improve its clarity. In the second phase
of the editing process, the item was returned to its orxriginal author.
The author then reviewed the corrections made by the technical editor
to ensure that no changes had been introduced that would affect the
accuracy of the item. In the third stage, the Arithmetic Reasoning,
Word Knowledge, Parasgraph Comprehension, Mathematics Knowledge, and
Mechanical Comprehension items were reviewed by staff members familiarx
with the content to ensure that each item was correct as written, that
the subject matter was relevant to the skill belng tested, and that the
difficulty level was appropriate, The CGeneral Science, Automotive
Information, Shop Information, and Electronics Information items were
sinilarly reviewed by external consultants who taught classes in these
areas at a large vocational-technical institute. In the fourth phase
of the review, the iteuws were returned o the technical editor who
ensured that no typographical arrors had been introduced during the
previous editing stages, :

Tomaln Specifications

Domain specifications were developed to outline the content of the
items to be written in each area, ASVAR Bax, an experimental version
of the gperational ASVAB 8a, was provided to the contractor for
guldance in explicating the content domains of the nine aubtests. In
wost cases, there were too few items in that form to comprehepsively
delineate the domain for an area, The content specifications, which
are outlined below, wers designed to adequately represent the diverse
content of each of the knowiedge or skill aveas incorporated in the
ASVAB and to assess the knowledge and skills needed by the Armed
Services for selection and placement.

General Science, The General Science domain was specified using
textbooks for junior and senior high school science couraes (Heimler &
Price, 1977; Keeton, 1968). Other science textbooks of different
difficulty levels were surveyed to ensure that the domain was specified
complately and that the relative representations of the areas withinp
the domain were related to the amount of text devoted to the subjects
in the textbooks. The specifications were then reviewed and modified
by an instructor at the Universzity of Minnesota who taught natural
science, physical science, and blology and was responsible for
developing and maintaining an item pool for the university’s general
biology course,

The General Scilence dowain was divided into three main rontent
areas: 1ife sclence, physical asclence, and earth asclence, The
repregentation of each of these areas in the domain was approximately
40%, 40X, and 204, respectively.




Life science items dealt with the animal apnd plant kingdoms and
with ecology and the envircoment. Included were questions concerning
cell structures and functions, human nutrition, health, genetice, and
the classification of animsl systems and groups. &lso included were
questions about plant structures and photosynthesis.,

Sixty of the physical science items (15% of the entire domain)
were devoted to chemistry and the classification of matter. Other
items dealt with the concepts of force, work, energy, and simple
machines. The remaining 100 items of the physical science domain
included items about heat, light, sound, electricity, and magnetism,

The earth sclence items dealt with astronomy (specifically Earth
and the golar system), weather, and the atmosphere, Also included
were items dealing with the formation and classification of rocks and
soil,

Table 1 lists the areas of the domain and ghows the numbers of
items written and pretested in each area. The area called "Important
Names in Science" consists of items dealing with the names of important
figures in the history of science, whether they are assoclated with
1ife, physical, or earth science.

Arithmetic Reasoming. The Arithmetic Reasoning domain consisted
of items requiriong the recognition and application of baslc
mathematical concepts and operations in problems encountered in
everyday life. The items were designed to emphasize rhe concepts or
operations required for solution rather than computational complexity.
81ix basic concepi/operation arcas were included. The items required
skills represented by one or more of these areas.

The first area involved the recognition and application of the four
basic arithmetic operations: additlion, subtraction, multiplication, and
division. The algebraic forms and {llustrative examples are shown
below (a, b, and ¢ represeat integers, decimals, or fractions, while x
reprapents the unknown value).

ath=x If a 10-foot and 15-foot extension cord are connected
togather, how far will they reach?

a~bex If 5 feet are cut from a 10~foot board, how many feet
will be left?

ab=x If four 6~foot hoses are connactad, how many feet will
they reach?

a/be=x If 12 apples are split evenly among 4 children, how
many will each get?




The second area involved a rearrangement of the basic oparations
and thus required some algebraic manipulation to find the answer. The
algebralc forms and several examples are shown below,

atx=b ' If you connect a l5~foot extension cord to another
cord and find that bath will reach 25 feet, how
long is the other cord?

a-x=b if yoﬁﬂgut 5 feet from a board and find that 5 feet
are left, how long was the original board?

ax=h If four hoses of equal length connected together
reach 24 feet, how long is each hosel

a/x~b If 12 apples are split evenly among & group of
children and each child gets 3 apples, how many
children are in the group?

The third area asseseed skill in dealing with percentages. Three
basic forms for these items and examples sre shown below.

a% of b=x If 20% of Bill‘s $150.00 check is taken away for
taxes, how much tax does he pay?

%% of bea If $30;00 of BLll's $150.00 check goes to taxes,
what percent of his check is this?

aX of x»b If Bill pays 20% of hia check to taxes aud ha
pays $30.00 in texes, how much was his original
check?

The fourth area assessed skill in solving rate problems and other
problems involving equivalent-fractions oparations. One of these
problems, for instance, might have asked, "If 3 workers can produce 6
widgets in 4 hours, how many widgets can they produce in 8 hours?” The
fifth ares assessed skill in converting simple units of weight, tima,
and distsnce. -The aixth area required the determiuation of perimeters,
areas, and volumes of circles, squares, rectangles, triangles, and
cubes, ‘

Table 2 ghows the number of items that were written and pretested
in each of the arees. Items amploying two aress or three or more areas
are tallied separately.

Word Enowledge. The Word Knowledge subtest of the ASVAR Bax
contained two types of item atems, Most of the ftem stems were of the
form ¥ .. moat nearly means...,." Approximately 37% of the stema,
however, were complete sentences containing the key word in centext,
Ouly the firet form shown above was used for the CAT pool in order to
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ensure that the resulting subtest would be as unidimensional as
possible, The key words for the item stemg were selected from the
Thorndike and Lorge (1944) word frequency lists by frequency category
in an attempt to achieve the difficulty levels appropriate for the
population to be tested. The frequency categories used were determined
by analysing the relationshilp vetween frequency and item difficulry in
the ASVAB 8ax data and in pretest data collected as part of the ASVAE
11, 12, and 13 development effort, The key words were also chosen so
that they would not duplicate any used in ASVAB 8ax or in the
pre-operational CAT item pool developed by the Navy.

Faragraph Comprehension. The Paragraph Comprehension items were
designed to assess an examinee’s ability to understand what he or she
reads, Six facets of the comprehension domain were measured by the
ftems: (a) the ability to recall literxal detail, (b) the ability to
paraphrase or summarize a passage, (¢) the ability to recognize ualn
1deas, (d) the ability to mske inferences regarding material in the
passage, (8) the ability to apply the material in the passage to other
material, and (£f) the ability to recognlze and understand sequential,
cause/effect, and comparative relationships. Some items tapped only one
of these abilities, although most assessed more than one. »

The paragraphs varied in length from about 50 to 130 words,
excluding the itew stem and alternatives, For each paragraph, a single
question wag provided. This vas done to meet the functional
independence required for adaptive teating and the locsl independence
raquired by IRT, Longer passages with sultiple paragraphs like those
found in the conventional ASVAB Paragraph Comprehension gubtests were
set written for this projesct because of the limitations inmposed by the
size of CRT ecveens,

Factual paragraphs, fictional paragraphs, and paragraphs stating
opinions were written for aach facet of the domain., The specific
content of the paragraphs was sslected to sinimize the effects of
exanineas’ priocr experiencas oo performence and thus to raquire the
examinees to read and understsnd the information presented in the
paragraph in order to choeose the correct aAnswar.

Table 3 shows the number and percentage of items measuring each
facet of the domein in pretsating. Approximately 77% of the parag-aphe
were factual, 133 were fictional, aund 8% stated opiuions.

Automotive Information, The Automotive Information domain was
developed with the aid of three basic texts in automobile mechanics
used by local vocational-technical schools (Ellinger, 1377; Btockel,
1978; Toboldt & Johnson, 1981). A preliminary domain was established
by examining the tables of contents of thess texte and determiuning
target representations of the axess as percentagss of pages davoted to
each in the texts., The items were written and then subjected to a




review by three content experts who were asutomotive repsir instructors
at a vocational-technical schocl. The reviewers identified items that
vere ambiguous, mis—keved, or obsolete. They also rated the expected
difficulty of the items. 43 a result of their review, some Ltems were
replaced or edited., The new and edited items were then subjected to
the same review process. The areas within the domain and their
yepresentations In pretesting ave shown in Table 4.

Shop Information. The Shop Information domaln was developed by
surveying texts used in shop imstruction in high schools and in
vocational-technical schools (Feirex, 1977; Jackson & Day, 1978;
Walker, 1973)., Popular home maintenance and do—it-yourself manuals
(Better Homes and Gardens, 1980; Reader’s Digest Association, 1973)
were alsc reviewed., The dowain was divided into three main
categories—~tools, materisls, and miscellaneous., The item difficuities
ranged from very easy (identification nf household tools such as gaws
and hsmmers) to very difficult (identification of aymbols used to
specify trpes of welds). All Shop Information ifitems were reviewed by
two shop instructors from a vocational-technfical school. The review
identified items that were ambiguous, too difficult, or poorly written.
Approximately 20 of the 400 ftems originally written in this area were
replaced as a result of the review. Another 20 items were modified.
Table 3 cutlines the Shop Information domain and shows the number of
ftems written and pretaested in each arez of the domain.

Mathematics Knowledge. The specification of the Mathemitics
Knowledge domain was based on recommwendations from the General College
wathematics coordinator at the University of Minnesota. The first
arepe of the domain covered the conversion of fractione, decimals,
percentages, and mixed numbers to other forms {e.g., fractions to
decimals, mixed numbers to improper fractions, ete.,). Other items

b required the examinee to compare the sizes of different fractions, to
) obtain reciprocals, and to reduce fractions to lowest terms. This area
o also included the computation of least common denominators, greatest

commor: factors, and smallest common multiples,

Approximately 13% of the Mathematice Knowledge domain covered a
variety of arithmetic and algebra toples including prime numbers,
factoriale, absolute values, and logarithms. Also included were items
2 requiring knowledge of the corrsct order of operations, rounding and
& place values, and the rectangular coordinate system. Ten {tems
A required an examinee to transform a verbal statement into symbolice
{algebraic} form.

Geometry ltems made up approximarely 18% of the Mathematics
Knowledge domain, Half of these {tems required knowledge of amalvtic
geomatry, and the other half required knowledge of plane and solid
o geometyy., Most of the analytic geometyy items dealt with linear
- equations; the other analytic geomatiry iltems dealt with che equarions
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for a sphere and the conic sections (circle, psrabola, hyperbola,
ellipse), The plane geometry ftems required an examinee to compute the
perimweters, areas, and volumes of circles, triangles, rectangles,
trapezoids, cubes, spheres, and cylinders.

Seventy items were written in the next content area. These items
required knowledge of square roots aund cube roots and how to do
computations with variables raised to different powers. This ares also
covered glmple operations with polynomials, Knowledge of the quadratic
equation for finding roots of polynomials was required in several
items.

The remaining items involived solving equations and inequalities.
These equations ranged from very simple forms (e.g., x + 3 = 4) to more
complex forms that requlred several operations before the solution
could be obtained. The areas and the number of items written in each
area are shown in Table 6.

Mechanical Comprehension. Mechanlcal Comprehension items were
wvritten to assess the ability of the examinee to apply mechanical
principles to simple devices in order te Jdetermine some aspect of their
operation. The Mechanical Comprehension area included simple devices
such as gears, puileys, wheels, and levera. Items were written which
involved one or more actlons of these simple devices. Items were also
written involving complex machines which employed two or mere different
gimple devices. Other items required analyses of gtatic aystems under
stress or asgessed knowledge of hasic topice in physics such es
gravity, lnertia, magnetism, centrifugal forces, and diffraction. The
remaining items involved hydrauslics or pneumatlic systems. Table 7
outlines the content areas and shows the number of items written and
pretested for each.

Electronics Information. The Electronics Information domain
specifications were initially developed using three texts in elementary
electronics used by local vocatiomal-technical schools (Gerrish &
Dugger, 1980; Grob, 1977; Matt, 1980), A preliminary domain was
established by examining the contents of these texts and establishing
target representations of the areas using the proportiong of pages
devoted to each in the texts. Several sample items were written to tap
knowledge in esch of the areas astablished in this domain. & veview of
the items developed in this mamner, however, suggested that these items
would be much too difficult for the ASVAB itam pool.

The second attempt at domain specification was accomplished by
surveying the items in the three unique Electronice Information
subtests in ASVAR 8, 9, and 10, This survey resulted in the
jidentification of nine areas. The first area, Devices, included items
that tapped very basic kanowledge and understanding of certain
electricnl devices. Examples of such devices are battaries, wire,
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motors, and transformers., Term Recognition items cousisted of items
listing one technical term and four additional terms drawn from the
areas of gutomotive, alop, mathamatics, sad general science; the

general gstem for these ilems was "Which of the following is an
electrical term?” The third area, Term Definition, either provided a
term in the stem and asked for a definition, or provided a defimition

in the stem and asked for the term. Terms Iincluded baslic units of
electricity such as units of conductance, capacitance, or resistance,

and also some slightly more advanced terminology such as types of
transformars and types of wire., The fourth area, Advanced Electronics,
included most of the areas that had originally been developed from the
three bocks on electronics. These items agsesged knowledge of more
advanced electronlie concepts such as AC and DC circuits in theory and
practice, and basic design of power supplies, amplifiers, oscillators,
transmitters, and vecelvers., The fifth area, Physics, assessed baslc
knowledge in areas such as magnetism, electroststics, and electro~
dynawics. The sixth area, Important Names, assessed the examinee’s
ability to recognize the nsme of a2 famous person assoclated with
electricity or electronics and to identify what that person was famous
for. The seventh ares, Instruments, assessed the examinee’s knowledge of
the purpose of different electropic inatruments and how to use them. The
eighth area, Household Electrics, assessed the examinee’s knowledge of
basic wiring of household applisnces such &s stoves, refrigerators, toasters,
ete, Finally, the ninth area, Schemstic Diagrams, assessed the examinee’s
ability to read, understand, and trace aignals in a schematic circuit,

The areas and the number of iteme pretested in each are shown in
Table 8. The items were reviewed by two instructors at a local
vocational~techulcal school., The reviewers were asked to indicate the
correct alternative for each item and to rate the difficulty of each
item on a five~point scale. A set of 10 benchmark items was used to
define the rating levels, Ten items were deleted as a result of the
reviewers’ suggestions, and new items were written to replace then.




,'.f I, TITEM POOL PRETESTING
Method

The design of this item development effort called for administering
all items in Recruitr Training Centers (RICs) during May and June of
n 1982, The item statistics apd IRT item parameters would then be used
to select items for calibrarion in Military Entrance Processing
Stations (MEPS}. Pretesting and calibration each included four
steps~~booklet construction, dats collection, data edliting, and data
analysis.

Booklet Construction. A total of 3,654 items were assembled inte
71 test booklets. Each bocklet contained items from a single content
sarea. The items within a content area were randomly assigned to the
f A booklets represepting that srea and were randomly ordered within
4 booklets., If random assigmment and ordering resulted in two similar
: items being presented on the same page of a bocklet, one of the items
E was moved to another location. This was particularly important in the
’ Mechanical Comprehension area where the items and their accompanying
illustrations often reguired very similar analytical skills, Examinees
) were given 50 minutes to complete all of the items in a booklet. The
P nugber of booklets representing each content area varled as a function
. of the estimated number of items that could be answered within that
y time frame, Table 9 gshows the rumber of booklets within each content
area, the number of items per booklet, and the total nusber of items
within each content area.

Becauge the items were eventually to be administered in an
adaptive seiting where each examinee would meve through the various
subtests at a different pace, the instructional procedures varied from
thoge usually associated with the ASVAB subtests, When the ASVAB is
administered, the examiner reads both gemeral and conteant-gpecific
instructions to the examinees. TFor the pretest data collection,
general instructions were included in each test booklet and were read
by the examiner. The content~specific instructions were read silently
by the examinees prior to testing. In the self-paced (AT test,
exaninees will read the content-gpecific instructions on their owm, In
addition to making pretest conditions more like CAT conditions, thie
variation from the ASVAB procedure allowed any combination of test
booklets to be administered simultaneously.

The test booklets were assigned six~digit form numbers. The last
two digits of the form numbers were Ol through 71, The middle two
digits were equal to the last two diglts plus seven, The first two
digits were equal to the last two digits plus 14, Thus, the first form
number was 15080! and the last was 857871. The redundant coding was
uged s0 that the correct beoklet number could be recovered even if one
of the digits was encoded incorrectly, if two digits were transposed,
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or 1f the entire booklet number was shifted to the right or left when
encoded in the 20-character grid on the answer sheet. Booklet numbers
were assigned to the different test forme in a quasi~random fashion so
] that booklets with items from the same content area were somewhat

-l evenly spaced throughout the series of 71 forms.

Data Collection. Eleven RICs participated im the study. Each of
. the RT(s was assigned a quota for the number of examinees to be tested.
The quota for the KTCs within a single service was divided evenly among

“ the participating RTCs. The quotaes for the services corresponded

» roughly to the proportion of enlistees accepted into that service, The
- participating RTCs and their assigned examinee quotas are shown in
":: Table 10,

At each RTC, test proctors were instructed to stack the booklets
in order of thelr bocklet numbers and to distribute them in a

‘;Q gsequential fashion within each testing session. After the session was
- finished, the booklets were to be collected and returned ro the bottom
-35 of the stack. This distribution plan ensured that the booklets would
b be distributed in an approximstely random order to the examinees and

R that cach test booklet would be administered an equal number of times.
b Testing took place during May and June of 1982, Examinees recorded
- their respouses on optically scannable answer sheets, The answer

L sheets were then returned to the Air Force Human Resources Laboratory
,;: (AFHRL) for scanning. Because the booklets were distributed in a

quagi-random manner to the examinees and were administered

simultaneously, an equivalent~groups design wae appropriate for the
. data analyses,
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Data Editing. The answer sheets were scanned by AFHRL and the
date were sent to Assessment Systems for editing and analysis. Several
data aditing procedures were employed. The form numbers encoded on the
answer sheets were checked for errors, and the data for examinees who
responded to fewer than five {items opn the rest were excluded from ;
further analysis. An algorithm for detecting response strings and
response patterning (Prestwood, Vale, Massey, & Welsh, 1983) was then f

used to examlne the response records of examinees with proportion—correct :
scores near chance level. ‘
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.. Data Analysis, The item response data were analyzed using both
Tf% classical and IRT procedures. For each item, the proportion cortect,
gz biserial item-~total correlation coefficilent, and point-hbiserial

. item-total correlation coefficlent were computed. These statistics
. were also computed for each of the alternatives as if they had been
B gcored correctly., The statistics for the alternatives were used to

. detect items that were incorrectly keyed. Items with more than one

-, correct answer were deleted, {tems that were mis-keyed were corrxected,
5 and the analyses were repeated.
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An equivalent-groups design was used for the IRT data amslyses.
This deslgn wae appropriate becsuse (a) the assignment of items to
booklaets was essentially random, (b) all booklets were sdministared in
each RTC, (¢} the distribution of booklets within a testing session
ensured that each subject had an equal chance of taking each booklet,

and {(d) the booklets used within a testing session were simultanecusly
administered.

IRT parameters were computed using Verasion 1.0 of the program
ASCAL, ASCAL is a joint maximum-likelihood/modal-Bayesisn item
calibration program for the three-parameter loglstic iltam response
model (cf., Prestwood, Vale, Massey, & Welsh, 1983), The parameter
estimates were then transformed from the RIC~based ability metric to a
MEPS~based metric using dats in a draft AFHRL report entitled “ASVAB
Form 8b and AFQT-7A Summary Distributionsl Statistics for MEPS, Air
Force Qualified, and Army Quslified Samples," which was provided for
this purpose. The paper contained mean pumber-correct scores for the
traditional ASVAB gublests administered to MEPS (then referred to as
AFEES) examinees and to Alr Force, Arwmy, suod combined Air Force and
Army sawples of recruits. The Alr Force snd Army combined data were
used for estimating the restricted ability distribution meaun and
standavd deviation for the RIC zample. The MEPS data were used for
egtimating the unrestricted ability distribution parameters. These
data are shown in Table 11, ‘The data for the Auto-Shop subtest on the
conventional ASVAB were used for both the Auto Informstion and Shop
Information experimental subtests. The transformations used for the a
and b parameters are shown below in Equations Z and 3, respectively.
The ¢ parameters did not change. The development of Equatioms 2 and 3
is described in Appendix B,

ZuEPS " Bpres ( Oueps/Ogres ) @

Purps * Clmrce ~Hmeps t Prrcs ¥ Orrcs 7 / Ougrs 3

wheré
Hygpg = mean subtest score for MEFS samples,
- bpreg ™ mean subtest score for conbined samples,
Oypps ™ standard deviation of scores for MEPS asamples, and

Opreg = standard deviation of scores for combined samples.

Results and Discussion

Data Collection. The response records of 21,093 examinees were
collected in the course of pretesting. Table 12 shows the number of
ezaminees tested in each of the RTCs and the percentage of each RIC'a
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quota which that number represents. The Alr Force, Army, and Navy
tested slightly more examinees than required (107.6%, 101.3%, 101.2%,
respectively). The Marine Corps tested 637 additional examinees
(126,5% of quota). Each of the experimental tests was administered to
approximately 300 exsminees.

Data Editing. Of the <i,093 examinees tested, approximately 992
had correctly encoded or recoverable form numbers, Table 13 shows the
number of exanminees with correctly enceded or recoverable form numbera
for each of the 71 experimental test booklets., Alsc shown are the
nushers of exaninees deleted from the analyses during the data editing
process (less than 0.6% overall) and the number of examinees with usa-
ble data foxr =sach booklet. An average of 292 usable response records
per booklet were availlsble for analwsis after editing. More data were
available for the booklets which fell esrlier in the seguence,
suggesting that the test administrators did not always follow the
booklet distribution instructions. However, there is no evidepce to
suggest that the differences in numbers of examiness per booklet should
affect the analyses,

Data Analysis. Table 14 shows descriptive statistics for three
conventional item statistice: proportion corrert, biserial item-total
correlation, and point—~biserial item-tctal correlation, The last row
in this table shows the numbers of items included in the analyses, The
numbers of items do not match those shown in Table 9 because some items
were deleted from the analyses, The items deleted were those for which
IRT parameters could not be estimated and those for which some ambiguity
in the item caused the statistics for the respousse salternatives to differ
from the expected valuse,

Mean proportions correct ranged from 0.392 for Electronics
Information to 0.625 for Word Kaoowledge, The minimum proportion
correct for the nine areas ranged from 0.012 for Electronice
Information to 0.125 for Paragraph Comprehension, HMaximum propertions
correct ranged from 0.916 for Mathematics Xnowledge to 0.984 for
Arithmetic Reasoning. These atatistics euggested that, with the
possible exception of Paragraph Comprehension, all content arsas
contaloned sufficlient numbere of difficultr items; but some content areas
had too few easy items,

Mesn biserilal correlations for the nine content areas ranged frow
0,362 in Electronics Information to 0.813 in Word Knowledge, Ths
point~biserial ftem~total correlation coefficients showed, with g few
uinor transpositions, the sasme general pattern #s the bigerial
correlation cosfficients, This was expected bacauvse the two
coefficients are clogely related,

Table 15 shows descriptive statistics for the IRT parameters
computed in pretesting, HMean s parameters vanged from 1,040 for
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Machanical Comprehension to 1.273 for Mathematics Knowledge. Minimum a
parameters were uniformly 0.400 geross all the content areas. This
ninimue value was a lower bound for the item calibration program .used.
Maximum a parameters ranged from 2.030 for General Science up to 2,400
for Automotive Information, The pattern of mean 3 parameters across
the nine content areas did not closely match the pattern observed in
the biserial correlation coefficients,

Mean b parameters ranged from a low of -0,404 for Word Knowledge

to a high of 1,328 for Electronics Information, With the exception of

Mathematics Konowledge, which had a minimum of -2,.718, all content areas
uniformly had minima of -3,000 and maxima of 3,000, As was the case
with the a parameter minima, these values were bounds ilmposed by the
calibration program. The data show that, with the exception of
Paragraph Comprehension and Word RKunowledge (which respectively had mean
b parameters of -0,131 and -0.404), all content :(reas appeared to have
items that were more difficult than desived for the RIC population. 1Im
the case of Electronics Informat{ion, the ltems apﬁeared to be
considerably more difficult than desired.

Mean ¢ parameters for items included in pretesting ranged from a
low of 0,182 for Mathematics Knowledge to a high of 0,199 for Paragraph
Comprehension. Minima were uniformly 0.100 and maxima were uniformly
0.300, Program bounds were set to these values for this calibration,
In geoeral, mean ¢ parameters appeared very near 0.200, the expected
value for the five-alternative multiple~choice items.

Table 19 shows descriptive statistics for IRT item parameters
transformed to estimated values in & MEPS population using the
procedures described in the Method section., The MEPS populiation was
expected to be of lower and more varisble ablility than the RIC
population used in pretesting. 4s a result of the travsformations,
the g parameters were higher, and the b parameters were more positive.
Mean transformed a parameters ranged from 1,188 for Mechanical
Cowprehension to 1.825 for Word Knowledge. Mean transformed b
parameters ranged from 0,358 for Word Knowledge to 1,597 for
Electronies Information, The minimum and maximim a ard b parameters
shown in Table 16 are simple transformations of corresponding values
ghown in the previous table. Since no transformations were applied to
the ¢ parameter, the ¢ parameter descriptlve statistics shoen in
Table 16 are identical to those shown in Table 15.

In general, the results shown in Table 16 suggest that the iltews
that were pretested were more difficult than those that would ultimately
be required for the CAT ASVAB. They also suggested, however, that the
a4 parameters would he sufficlently high for adaptive testing to work
vary efficlently.

Table 17 provides a distribution of transformed diffieculty
parameters, This table, like the preceding tables, guggests that the
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item pool for most areas was deficient at the casy end of the
difficulty range, but that all areas, with the possible exceptions of
Word Enowledge and Paragraph Comprehenslon, had more than enough items
at the difficult end of the range.

Thus, the genersl results of the pretesting of the CAT items
suggest that additional easy items would be required to provide the
desired rectangular distribution of difficulty psrameters but that the
discrimination parameters of the items written thus far were adequately
high,




IV, TTEM SBELECTIOR

S The item diffieculty range hetween b = -2.2 and b = 2.2 was divided
into 20 categories of equal width. The bounds for the extreme
categories were then expaunded to + 2.5 in order to include additional
items with difficulty parameters that could be ezxpected to regress
toward the mean in calibration. The items within each content area
were asalgned to thelr appropriate categories on the basls of their
estimated MEPS-metric difficulty parameters. Table 17 summarizes the
distribution of items by category. Each of the five difficulty
categories in the table includes four of those used in item gselection,
Table 17 shows that the item difficulty distribution was not
rectangular over the entire range~-there were fewer items at the easy
end of the range in g8ll content areas.

A decision was made to gelect items from those pretested with as
rectangular a distribution of item difficulties as possible and then to
produce new iftems that could be expected to be easier than any in the
pretesting pool. Approximately 200 {tems were selected for calibration
from sach of the content areas.

The {tems initislly selected had a > 0,63, and ~2.5 { b £ 2.5 on
the MEPS metric. The ¢ parameter was bounded at 0,30 for the
pretesting analyses and thus wae not used as a selection criterion.
Some ftems were included even though they did not meet these
spacifications if they appeared to have heen too easy for the
parameters to have been appropriately estimated from the small (and
presumably relatively high-ability) RIC sample. In selecting the
specific {tems to be calibrated, an atteupt was made to draw an equal
number of items from each of the difficulty categories, When too
few ftems were smvailable in a particular category, the ltems were
chosen from other categories. For instance, if a total of 13 items were
avallable in the first three categories, then those items were
selected, and the remaintng 187 items were selected by choosing the 1l
most discriminating items from each of the remaining categories,

The items selected were zent to AFHRL for review, In some cases,
AFHRL substituted items of approximately equal statistical character-
iatics for the items which had been inttislly selected, The changes
resulted primarily from concerns ragarding item content. Table 18
shows distributions of the item difficulty parameter estimates for the
pretested Ltems that were selected for calibration in the MEFS,

In addition, a number of new items werse written for MEPS
calibration in each of the content areas, These new ltems were
designed to be easler than any of the ltems in the pretesting pool.
For each content area, Table 19 ghows the number of pretested items in
each content area which were selected for calibration, the number of
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new items which were written and selected for calitration, and the
total aunber of itemp salected.

Tables 20 through 27 show the distribution of items selected for
calibration by ares within item domaiuns for General Science, Arithmetic
Reasoning, Pavragraph Comprehension, Automotive Iuformation, Shop
Information, Mathematics Knowledge, Mechanical Comprehension, and
Electronlecs Information, respectively. Some of the new areas included
in calibration were not included in pretesting; an example i3 the
Device Recognition area of the Electronics Informaticon domain (Table
27). This area contained plctorial representations of common household
devices which the examinee was reguived to identify. Examples of the
devices were an electric irom, a light bulb, and an extension cord.
Other nev items fell into areas auch as Term Recognition, where the new
items required the examinee to identify which of five simple household
ohjects (e.g., radio, basketball, chair) uses electricity. The new
items each had five reasponse alternatives except those written in
Mechanical Comprehensicn. The new Mechanical Comprehension items had
three alternatives to allow simpler mechanical processes and singulay
mechanical outcomes {(e.g., speed or direction) to be used in the items.
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V. YIEM POOL CALIBRATION
Method

Booklet Construction. The items selected for calibration were
agsembled into 43 test booklets. As in pretesting, each booklet
contained items from & single content area. The items within & content
area were randomly assigned to the booklets for that area and were
randomly ordered within the booklets. If random assignment and
ordering resulted in two similar items being presented on the same page
of a booklet, one of the items was moved. The number of booklets for
each content area varied as a function of the estimated number of items
that examinees could answer within 50 minutes. Table 28 shows the
number of booklets within each content area and the number of iltems per
booklet, Each booklet contained geperal finstructions which were read
by the examiner and instructions specific to the individual content
ared which were read silently by the exsminees.

The test booklets were once again assigned siz~digit form numbers.
The last two digits of the form numbers were 0l through 43. The middle
two digits were equal to the last two digits plus 11, The first two
digits were equal to the last two diglts plus 18, Thus, the first form
number was 191201 and the last was 615443, As in pretesting, the
redundant coding was used to allow recovery of the correct form number
when one of the digits was encoded incorrectly, two digits were
trangposed, or the entire number was shifted to the left or right in
the response grid on the answer sheet. The booklet numbere were
asaigned to the different test forms in a quasi~-random fashion, The
procedure used ensured that the hooklets with items from a single
content area were somewhat evenly spaced throughout the series of 43
forms.

Data Collection, The Miiitary Entrance Processing Command
(MEPCOM) coordinated the administration of the experimental forms in 63
MEPS and thelr assoclated Mobile Examining Team (MET) and Office of
Personnel Management (OPM) testing sites, MEPCOM assigned each MEPS
and its aseoclated sites an examinee quota which reflected the
anticipated number of examinees to be processed through the MEPS during
May and June of 1983, MEPS commanders were responsible for
distributing the appropriate experimental forms to their associated MET
and OMM sites according to instructions provided by MEPCOM. Test
administrators in the MEPS, MET aites, and OPM sites were instructed to
use the forms on a rotating basis such that each form available at a
site would be usaed once hefore any form was used twice, Examinees
recorded their responses on optically scannable answer sheets. Each
exaninee was given one experimental form and an operational ASVAB, The
experimental form was always administered first, The operational forms
in use during May and June of 1983 were 9a, 9b, 10a, 10b, 10x, and 10y.




Data Editing., The answer gsheets for the sxperimental tests were
gent to AFHRL., The answer sheets were then gcanned, aund the data were
sent to Assessment Systems for editing and anslysis. BSeveral data
editing procedures were employed with the experimental forms. The
redundant form numbers were checked for accuracy. Inaccurate form
numbers were recovered where possible. Examinees responding to fewer
than five items were deleted from the analyses. The response records
of examinees with proportion—-correct gcores of 0.35 or less were
rescored using the keys for the other forms to ensure that the correct
form number had been coded., The algorithm used in pretesting for
detecting response strings and response patterning wes also employed.

The answer sheets for the operational testa were also sent to
AFHRL,, After they were scanned, the dats were sent to Assessment
Systeme for analysis. The operational response records were matched,
where possible, te experimental response records using the examinees’
recorded social security numbers. Only exact matches were considerad
valid. Operstional response records with incorrectly encoded form
numbers were excluded from the joint calibrations of experimental and
operational items,

Data Analysig, The item response data from the experimental tests
were analyzed using both classical and IRT procedures. For each item,
the proportion correct, biserial item-total correlation coefficient,
and point-bigerial item—-total correlation coefficient were computed.
The proportion of examirees endorsing each response alternative and the
biserial and point-biserial correlation ceoefficients for each
alternative were also computed. As in pretesting, these alternative
statistics were used to verify the keys assigned to the items.

Two basic data analysis designs were used for estimating IRT item
parameters--an equivalent-groups design and a simultaneous—calibration
design, The equivalent—groups design was congidered appropriate because
{(a) the assignment of items to booklets was essentially random, (b) all
booklets were administered in each MEPS, (¢) the distribution of booklets
within a testing seselon ensured that each examinee had an equal chance
of taking each booklet, and (d) the booklets used within each testing
session were simultanecusly administered. In the equivalent-groups
design, the IRT a, b, and ¢ parameters were computed for the ilrems
in each of the booklets separately. '

If the grovps of examinees taking each of the experimental tests
within a8 content area were equivalent in ability, the parameters
eatimated for each content area using the equivalent~groups design
should be on a common metric. To test the equivalent—groups agsumption
within each content area, analyses of variance were used to contrastl
the scores on the like—named operational ASVAB subtests for examinees
taking different experimental forms. Arc-sine transformations of the
proportion-correct scores were used in the analyses (Winer, 1971), For



the Automotive Information and Shop Information content areas, only the
items which were auto-specific or shop-specific from the operatiomal
Auto-Shop subtests were used for computisg the ablility distributions.
If the groups taking different experimental forms within a countent area
were equivalent in terms of their ability distributions on the
operational subtests, then the assumption of equivalent groups in the
initial IRT analyses would be demonstrated. If the groups taking
different experimental tests within a content area had different
ability distributions on the like-named operational subtests, then the
eguivalent—groups IRT parameters could be adjusted to take these
differences into account. '

In the second data analysis design, IRT item parameters were
sisultanecusly estimated within each content area for all of the
experimental items in that area and all of the items from like~named
operational subtests. In this simultaneous or "jolnt" calibration of
the experimental and operatiopal items, inclusion of the operational
ASVAB items ensured that the IRT parameters for the various
experimental forms and for the operational subtests would be estimated
on a single metric.

In both designs, chi-square fit siatistice were computed for all
of the items. Thege statistics, like the conventional response—
alternative statistics, were used to detect possible probiems in the
item keys. Items with high chi-squares were individually inspected,
and no mis-keyed items were found.

Results and Discussion

Data Editing. A total of 138,424 examinees were tested. More
examinees were tested per booklet in the MEPS in order to increase the
gtablility and accuracy of the IRT parameter estimates. Of the total
nunber tested, 136,327 had properly coded form numbers. The dats for
an additional 1,292 examinees were recovered through analysis of
redundantly coded form numbers. Thus 137,619 response records had
identifiable form numbers. The response data for 241 examinees were
then removed during subsequent editing. Of these, 48 responded to too
few items, 92 scored near chance on the form ostensibly administered
and much higher on another form, and 101 were eliminated because of
response patternirg. This left a total of 137,378 response records for
the classical and equivalent~groups IRT analyses. This figure was just
over 992 of the total experimentsl tests administered. Table 29 ghows
the results of editing for each of the 43 axperimental test forus.

The sampling plan implemented should have resulted in an
approximately equal number of examinees for each test booklet, Table
29 shows, as Table 13 Jid for the pretest data, that more low-uumbered
than high-numbered booklets wete administered, The administrators
apparently did not distribute all of the booklets in rotation as
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instructed, Although greater numbers of exsminees took the low~
nupbered booklets, there is no evidence to suggest that the
sdufuistration process introduced any systematic bias related to
ability level into the assigmment of booklets.

The experimental response records were then matched to the
operatiocnal response records using the recorded social security
nusbers. As Table 30 shows, 84.6Z of the examinees with valid
experimental data could be matched to operational ASVAR data. This
percentage was relatively conetant across content areas, ranging from
84,2% for Shop Information to 85,42 for Automotive Information,

The conventional and equivalent—groups IBRT analyses used all of
the experimental data remaining after editing. The analyses of ASVAB
score distributions and the jolnt calibration of experimental and
operational items used only the matched data,

Data Analysis. Table 31 shows descriptive statistics for the
comventional ltem parameters computed on the total calibration sample
used in the equivalent-groups analyses. Mean proportions correct
ranged from 0.5373 for Mechanical Comprehension to 0.717 for Word
Knowledge. Comparing these results to those shown in Table 14, it can
be seen that the items administered in calibration had substantially
higher proportions correct than did those adminiatered in pretesting.
This was probably because of differences in the sets of items aduinistered
in pretesting and calibration, Minimum proportions correct ranged from a
low of 0,072 in Electronics Information to a high of 0,119 in Ceneral
Science. Maximum proportions correct ranged from 0,975 in Mathematics
Knowledge to 0,995 in both Word Knowledge and Automotive Information.

Mgan biserial correlations ranged from a low of 0.494 in
Electronics Information to a2 high of 0,661 in Word Knowledge., In
general, the mean biserfsals in the calibration sample were higher than
corresponding values in the pretesting sample. Minimum biserial
eorrelations ranged from a low of ~0,051 for Arithmwetic Reasoning fo a
high of 0,250 for Mathematics Knowledge. Maximum biserial correlations
ranged from 0.771 for Shop Information to 1.000 for Word Enowledge.

Table 32 ghows these same statistics computad on a sample
containing only male examineea. In general, the suue patterns and
lavels observed in Table 31 are again obaexrved in Tuble 3Z. The only
notable differences are & rather slight increase in mean proportion
correct for the males~gnly sample in Automotive Informuticon, Shop
Information, Mechanical Comprehension, and Electronics Information.
These differences range from an increase of 0,016 for Electronics
Information to an facvease of 0,028 for Automotive Information. The
largest difference in mean biserial correlation was an incressa of
0.015 for General Sclence in the males-only group.

Dy




Table 313 shows descriptive statistics for the IRT parameters
computed on the total calibration sample uging the equivalent-groups
design, Mean a parameters ranged from 1.004 for Electronics
Information to 1,485 for Mathematics Kncwledge. Minimum 2 parameters
ranged from & low of 0.400 (the program’s lower bound) to 0.423 for
Hntheuatics Knowledge. Maximum a parameters were uniformly 2.300 (the
program’s upper bound) except in Shop Information, where the maximum a
parameter was 2,004, In general, the a paraweters were somewhat lower
than those expected hased on the preteatiug data used to select itema

"for calidbration,

Mean b parametsrs ranged from ~0,866 for Word Kaowledge to ~0,019
for Hechanical Comprehension, Minimum b values were uaiformly ~3.000
{the program’s lower hound)., Maxiwum b parameters ranged from 2,001
for Mathematics Xnowledge to 3.000 (the program’s upper bound). Mean b
paraneters for Shop Information, Mathematics Knowledge, and Mechanical
Comprehension were all near the desired value of 0.0. Mean b
parameters for the remaining areas were substantiazlly lower than the
desired value, suggesting that the items selected.for calibration were
too easy. Thie is in sharp contrast to the pretest analyses which
suggested that the pool contained an insufficient number of eassy items
and an adequate number of difffcult ones. It 18 also, in part, a
reflection of the steps that wers taken to remedy the anticipated
problem of too few easy items.

Mean ¢ parameters, shown in Table 33, vanged from a low of 0,149
for Mathematice Knowledge to a high of 0.213 for Word Knowledge.
Minimum ¢ parameters ranged from 0.000 to 0.040., Maximum ¢ parameters
ranged from & low of 0.390 for Paragraph Comprehension to a high of
0,630, which was the program’s upper bound for the Mechanical
Compreheualon ftems with three siternatives,

Table 34 shows comparable statistics for the males-only
calibration sample, The largest change for the a parameters was in
Automotive Information; the mean a parsmeter for Automotive Information
was 0,068 lower for th: males-only group than for the total sample,
Mean b parasmeters for the content areas reflected the changes in
proportions correct betwesn the two samples. Mean c parameters for the
males~only sample were quite similar to those for the total sample.

Analyses of variance ueing the matched data to iavestigate
differences in proportion-correct gcores on the operational tests for
sanples that took different experimental teats showed few significant
differences, Only five .f the 54 comparisons were statistically
significant (p < .03), and four of those were in one content area, Shop
Information. For all other areas the results clearly showed that only
chance deviations occurred among the sbility distributions ¢f samples
given different experimental tests withinm a content area, Adjustments
to place the paremeters on a common metric were therefore not required
£or these areas.
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Table 35 shows that samples taking cperational forms 10a, 10b,
10z, and 10y performed quite differently across the four experimental
Shop Information forms, Although this may be a chance significance,
the fact that four of six comparisons were significant muggests it was
not. 7This particular content area presents special problems for making
corrections, however. Because the number of shop~specific items in
each operational subtest was small (i.e., nine), 2 correction using
conventional score means and standard deviations as substitutes for
theta moments was unaccep 2ble. Similarly, nine items are insufficient
for estimating IBT parame ~rs. Thus, thers appeared to he two
acceptable options: the parameters could be left unchanged, or the
operational item parameters could be estimated by pooling the test
forms and then making the appropriate transformations. Because the
latter option is similar, but inferior, to the joint-calibratiom
approach, no parameter adjustments were made for the experimental Shop
Information {tems.

Table 36 shows descriptive statistics for the IRT parameters
computed using the joint-calibration procedure for the total matched
sample., Mean g parameters ranged from a low of 0,965 in Mechanical
Comprehension to a high of 1.436 in Mathematics Knowledge. Minimum a
parameters ranged from 0,400 to 0.467., Maximum a parameters ranged
from 2,089 to 2,500, The & parameters for all content areas were
somewhat lower in joint-calibration analyses than in the
equivalent~groups analyses.

Mean b parameters ranged from a low of ~0,903 for Word Knowledge
to a high of ~0.025 for Mechanical Comprehension. Minimum b parameters
were uniformly -3.000, Mean b parameters were all slightly more
negative in the joint—calibration analyses than in the equivalent-
groups analyses, The difference ranged from a decrease of 0.024 for
Shop Information to a decrease of 0,070 for Arithmetic Reasoning.

Mean ¢ parameters ranged from 0.153 for Mathematics Knowledge to
0.205 for Word Knowledge. Miniwum ¢ parameters ranged from 0,000 for
both Mathematics Knowledge and Mechanical Comprehension to 0.040 for
Paragraph Comprehension., Maximum ¢ parameters ranged from 0,370 for
Paragraph Comprehension to 0,620 for Mechanical Comprehension, The
mean ¢ paraweters were generally similar to those observed in the
equivalent~groups analyses. The largest difference observed was in
Hechanical Comprehensicn, in which the mean ¢ parameter rose from 0.171
in the equivalent-groups design to 0.181 in the joint~calibre:iion
deaign.

Table 37 ghows the distributicn of IRT difficulty pavameters for
all items based on the equivalent~groups analyses. 4 discussed
earlier, an ideal item pool for an adaptive test would include items
with difficulties that were rectangularly distributed over the range of
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ability in the target population. Ideslly, the items calibrated in
this study would be evenly distributed in the five categories ranging
from b > ~2.5 to b < 2,5, $light to substantial deficlencies are noted
in all content areas in the difficulty category with b between 1.3 and
2.5, Deficiencies are noted in the easy range from ~2.5 to -1.5 in all
areas except Arithmetic Reasoning, Word Knowledge, and Paragraph
Comprehension. Adequate numbers of items appeared in the three c-ntral
categories for all content areas.

Good items for an adaptive item pool should also have reascuably
high discriminations and appropristely low guessing parameters. Table
38 presents data similar to the data presented in Table 37 except that
items included all had an a parameter greater than or equal to 0.65 and
a ¢ parameter less than 0,301 (0,501 for the three-alternative
Mechanical Comprehension items). Ideally, 200 items in each conteant
area would be uniformly distributed across the five categories.
Arithmetic Reasoning, Word Enowledge, and Paragraph Comprehension
contained more items than required ir the easy category while the
remalning aveas showed deficiencies. In the next category, all areas
except Paragraph Comprehension, Mathematics Knowledge, and Mechanical
Comprehension showed slight deficiencies. In the middle-difficulty
category, General Science, Word Knowledge, Paragraph Comprehension, and
Electronics Information showed deficiencies, the largest being a
deficlency of 13 ftems in Word Knowledge. In the category for 0.5 ¢ b
< 1.5, Word Knowledge, Paragraph Comprehemsion, Automotive Information,
and Electronics Information showed slight deficlencies, In the most
difficult category, all content areas showed moderate deficiencies,
Arithmetic Reasoning and Paragraph Comprehension each had ocsly nine
ltems in the most 4ifficult category. The content area most adequately
represented in the most difficult category was Shop Information, with
33 items. Total numbers of items with a > 0,65, ~2.5 <{ b £ 2.5, and
c < 0,301 (0.501 for three-alternative items) ranged from 125 im Elec-
tronics Information to 208 in Mathematice Knowledge. Overall, 1,574 items
met these criteria in the equivalent-groups analyses,

Table 39 ghows the distribution of IRT difficulty parameters
resulting from the joint-calibration analyses. Generally, the same
results that were observed in Table 37 for the equivalent-groups design
can be seen in Table 39, The only notable difference is the slight
tendency for items to appear easiexr im the jolnt-calibration data.

Table 40 presents the distribution of IRT difficulty parameters

obtained in the joint-calibration design for items with a parameters
greater than 0.65 and ¢ paramseters less than 0.301 (0.50T for the
three~alternative Mechanical Comprebension items). The results shown

in Table 40 are similar to those shown for the equivalent—-groups design
except that fewer of the items met the criteria in the jJjoint-calibration
design, Math FRuowledge again had 208 items which met the criteria.
Electronice Information had three more items which met the criteria than
in the equivalent—groups apalyses., All of the remalning aress had slightly




fewer acceptable items as a result of the joint-calibration amalyses.
Appendix C shows item pool information fuactions calculated using the
Jointwcalibration parameters for all of the newly deveioped items in each
content area, These {information functions are calculated for a normal
distribution of ability,

Further Analyses of RTC and MEPS Population Differences. Previous
data and conventional wisdom suggested that examinees in the RTC
population on which the items were pretested should have had higher
ability in most content areas than MEPS sxaminees. The pretest item
perageters were therefore transformed to estimete the parameters that
would have been obtaiped had the items been pretested in a MEPS
population., 4s shown in the calibration anazlyszes, the final itee pools
contained items that were, in general, easier than desired. This was
apparently due to the parameter transformations made in pretesting and
the use of the transformed parameters in selecting items to achieve &
rectangular distribution of difficulties with -2.5 (b < 2.5.

Table 41 presents mesn item gtatistics for only those items that
were administered in both pretegting and calibration., Table 41 shows
that the proportiorns correct in the pretesting and calibration samples
ranged from virtually identical=--ag in the cases of General Science,
Automotive Information, Shop Information, and Mathematice Knowledge~—to
substantial increases in proportions correct in the calibration group.
In Arithmetic Ressoning, for example, the mean proportion ecotrect was
0.073 higher in the calibiration group than in the pretesting group.
Although the calibration group consisting of MEPS examinees was
expected to have generally lower proportions correct than the pretest
group consisting of RTC examinees, the average proportions correct were
actually lower in the RIC sample for all areas except Shop Information.
No consistent differences appeared between the biserial correlation
coefilcients for the yreresting and calibration samples,

Similarly, no consistent differences appeared in the ievel of the
IRT a parameters between the two groups. The assumptious made in the
pretesting phase that the MEPS calibration sample should be more
heterogeneous than the pretesting sample suggested that the a parameters
on equivalent items should be higher im the MEPS calibration. The mean
IRT difficulty parameters ranged from being virtually identical for the
two samples to being substantially lower in the calibration group, as
in Arithmetic Reasoning. In Arithmetic Reasoning, the b parameters
were 0.512 lower in calibration than in pretesting. This suggests that
the ealibration group was of sowmewhat higher ability than the
pretesting group rather than somewhat lower ability as had been
expected, No moteworthy trends were apparent in the IRT ¢ parameters
{also shown in Table 41) when the two groups were compared.

Table 42 also presents the mean IRT b parameters for the items
that were sdministered in both pretesting snd calibration and the



estimated MEPS parameters based on the pretesting dats and the
transformations. In all comtent areas, the actual b parameters
obtained in the MEPS calibration sample were substantiallv lower than
those predicted from the RIC data.

Fiva pomsible explavations for the discrepancy hetween predicted
and actual MEPS parameters ars suggested. First, it is possible that
some peculiarity in the IRT calibration procedures resulted from the
us2 of the two different populations. Becond, the transformation
used to estimate MEPS parameters from the RTC data could have been
incorrect, Third, some ervor in form amsignment or data editing
wmight have confounded one of the data sets. & fourth possibility is
that the MEPS population increased in ability between the time of the
pretest and the time of the calibration. The final possibility is that
the conventional test scoree used for the RIC to MEPS tramsformation
were incorrect or ipappropriate.

Data preseated in Tables 41 and 42 suggest that the difference
was not due to a peculliarity in IRT calibration procedures or to
inappropriate transformations of the RYC data., Both the conventional
proporticon~correct statistics and the IRT difficulty statistics suggest
that the items were at least as difficult for the pretest group as they
were for the calibration group. If the problem were limited to a
peculiarity in calibration or to the transformations used, the
proportions correct in the pretest sample should have been uniformiy
bigher than those observed in the calibration gsample.

It is virtuslly iwpossible to prove that an errvor did not occur in
the assignment and editing process that preceded the dats anslyses,
All of the procedures used, however, were carefully scrutinized in light
of these findinga, and no erroxs were detected that could have resulted
in the reversed pattern of difficulties.

The fourth possibility, that the level of sbility of the MEPS
exaginees (and consequently the RICs examivees) increased in the year
between the pretest and calibration, is a reasonable hypothesis,
Military service became a more attractive occupational option for many
individuals as the state of the econowy worsened during this period of
time, Table 43, which contains data from Gialluca, Crichton, Vale, and
Ree (1984), shows a distriburion of AFQT percentile scores for
the periods October te December 1981 and October to December 1982,
Column three of Table 43 shows normal curve z~score equivalents
corresponding to the percentile midpointe of each of the intervals,
Using these z~pcores and the raw category proportions, mean AFQY
z~scores can he computed for the two groups. The mean z-gscore for the
138} group was —0,123, The mean for the 1982 group was 0,037, The
difference between these two values is 0,160, This difference, while
confirming that the 1982 group had a higher ability than the 1981
group, is still considerably smallexr than the differences ubeserved




between the predicted and actual MEPS difficulty parameters shown ia
Table 42,

The remaining explanation for the difference batween predicted and
actual MEPS difficulties 1s that the means and standard deviations used
in making the transformetions were ipappropriate, There were three
possible problems in the data provided for these tranaformstions. The
first problem was that the scores were conventional number-ccrrect
scores, or their linear transformations, rather than IRT theta estimatres,
No cerrection for this problem was obvious, and it wae not viewed &8 a
serious problem at the time the transformations were made, 8econd, the
data in the paper were computed using sawples explicitly selected on a
conposite formed by some of the subtest scores.

Although a correction could have been made for this second problem,
it would probably have reduced the differences between MEPS and RIC means
by only about 10Z, the amount of measurement error in the observed
test—-score variance. The final possible problem was that the combined
Air Force and Army sample was assumed to be representative of the cverall
RTC population,

Data presented by Prestwood, Vale, Massey, and Welsh (1983} suggeat
that theta eatimates of RIC groups exceed those of contemporary MEPS
groups by about 0,14 theta units (see Tables 48 through 33 in Prestwood
et al.). This is roughly the difference cobserved between the 1981 and
1982 wean AFQT scores in the data cited above and suggests that the
1981 RTC examinees should have ability levels nearly equal to 1982 MEPS
examinees. This is essentially what was found in this study but 1s
substantially different from the conclusions drawn from the draft AFHRL
report titled Y“ASVAB Form 8b and AFQT-7A Summary Distributional
Statistics for MEPS, Air Force Qualified, and Army Qualified Samples."
This suggests that the data in that report were, for whatevar reason,
inappropriate for making the transformations.

In summary, the data in the two studies previously cited
(Gialluca, Crichton, Vale, & Ree, 1984; Prestwood, Vale, Massey, &
Welsh, 1983) support the observations made in this study that the MEPS
and BIC examinees are much more similar in ability than was initially
believed. They also suggest that many of the items that were excluded from
further evaluation after pretesting because they appsared to be too
difficult may be very good items for calibration and use in the MEPS
population,
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Vi. CONCLUSIONG AND RECOMMENDATIONS

A total of 3,973 items were written and administered to examlnees
in RTCs and MEPS., Of thege, 2,118 items were calibrated in the MEPS
using both equivalent-groups and joint—calibration procedures., The
joint~caiibration approach probably provided better estimates of the
parameters since more items were used to estimate examinee ability,
The joint-calibration method also implicitly linked the parameters in
the CAT and operationsl item pools. For these reasons, the jolnt-
calibration pavameters are suggested for operational use,

The joint~calibration analyses resulted 4in 1,351 items with a >
9,65, =2.5 < b £ 2,5, and ¢ < 0.301 (0,501 for the three-alternative
items in Mechanical Cowprehension), Although there is an adequate
number of itews in each of the nine conteut sreas for coperational
implementation of the CAT ASVAB, esch area 1s somewhat lacking in
difficult itema. These deficiencies are due in large part to the RIC
to MEPS transformation that was applied to the pretesting data, Many
of the pretested items that were discarded because thay appeared to be
too difficult had high discrviminations, They would probably be very
ugeful for operational testlug in the MEPS if they ware calibrated using
sufficlently larvge samples from the MEPS population,

All of the irtems calibrated were sdministered in printed foram and
the examiness reeponded using optically acannable auswer sheets,
Computerized administration and response encoding way affect the wanner
in which the items functlion, This may be especlally true for items
: requiring fliustrations. Items with illustrations are found im the

] Autowotive Information, Shop Information, Mathematics Knowledgae,
s Mechanical Comprehengion, and Electronics Information conitent areas.
ke When the havdware for administering the CAT ASVAB is selected, the
gﬁ adequacy of the parameters for items in these aress, estimated undar
) tradicional paper—and~pencil conditions, should be carefully
investigated,

Future salibrations can be accomplished ov-line while the
sperational deta are coliscied, Many of the pretostsd ltems not
selected fer cealibraticn in this study are eriellent candlidates for
early on~lions calibration.
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Table 1

D_omain Ccverggg in Preteatingc_for Genaral
Science

Area .4 A
Life Science
Human and Animal 92 20,9
Plant 39 8.8
Ecology 16 4.3
Cellular 34 7.7
Phyaical Science
Chemistry 63 14,7
Work and Energy 31 7.0
Electricity and Magnetism 10 2.3
Sound 9 2.0
Measurement 15 3.4
Light 10 2.3
Heat 10 2.3
Miscellaneous i0 2.3
Earth Science
Astronomy 36 8.2
Weather 25 3.7
Gaology 34 7.7
Important Names in Science 5 1.1
Total 44)  100.7

Note, Total percentege does not equal 100,0
because of rounding.




Table 2

Dowain Coverage in Pretesting_for Arithmetic

Reasoning
Area N %
b .
b i, Basic Operations 40 10,0
i 2, Algebraic Manipulaticns 32 8.0
Qﬁ% 3. Perceatages 26 6.5
gfﬁ 4, Rate-type Problems 40 10,0
il 5. Unit Conversion Problems 9 2,2
6. Simple Geometry 12 3.0
7. 'Two Operations 160 40,0
8. Three or More Operations 81 20,2
Total 500 99,9

Note. Total percentage does not equal 100,0
berause of rounding.

Table 3

Domain Coverage in Pretesting for Paragraph Comprehension

Arza N 4
Recall of literal detail - 188 46,9
Paraphrase or summary of passage 34 8.4
Recognition of main idea 42 10,4
Inference regsrding waterial in passage 56 13,9
Application of passage material 21 3.2
Recognition of sequentisl or cause-and~
effect relationships 25 6.2
Recognition of comparison relationships 36 8.9
Total 403 99,9

Note., Total perceuntage does not equal 100,0 because of
rounding.
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Table &

Dowain Coverage in Pretesting for Automotive

Information
Area K y 4

Basic Engine 53 13.0
Lubrication 15 3.7
Cooling 16 3.9
Fuel 37 9.1
Battery 15 3.7
Starter 11 2,7
Charging System 12 2.9
Ignition System 16 3.9
Intake/Exhaust System 21 3.1
Engine Testing and Service 39 9.6
Clutch 15 3.7
Transmiesion-~Standard 15 3.7
Transmigsion--Automatic 24 3.9
Differential and Rear Axle 15 3.7
Brakes 29 7 ol
Tires 16 3.9
Suspension 14 3.4
Accessories 20 4,9

L Body and Body Repair 4 0.9

ioN Steering i6 3.9

%& Basic Operating Procedures 5 1.2

_i% Total 408 99.9

ri] Note. Total percentage does not equal 100,0

§§ because of rounding.
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o Table 5
. ; Domsin Coverage in Pretesting for Shop

7 Information

4 Area R %

3 Tools

48 Marking/Measuring 21 5.2
Cutting 45 11,2

e Shaping 32 8.0
- & Fastening/Welding 29 7.2
- Sanding/Grinding 14 3.5
3 Drilling 20 5.0
~% Construction 23 3.7
_%z Miscellaneous Tools 14 3.5

. Materials

3 Wood 3t 7.7
Y Hetal 37 9.2
- Fastening 45 11,2
_i’ Miscellaneous Materials 29 7.2
'"? Miscellaneous ‘

y Design/Blueprints 33 8,2
R Shop Safety 7 1.7

b Other 21 5.2

A

Total 401 99.7

Note, Total percentage does not equal
100.0 because of rounding.
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Table 6

Domain Coverage in Pretesting for Mathematics

Knowledge
Area .} %
Converting Fractions 32 8.0
Reducing and Building Fractious 5 1.2
Reciprocals 15 3.7
Comparing Fractions 3 0.8
Least Common Denominators 25 6.2
Prime Numbers 12 3.0
Factorials 8 2.0
Writing Equatioms 10 2.5
Absolute Values 4 1.0
Rounding and Place Values 6
Order of Operations 3 1.2
Cartesian Coordinates 10 2.5
Logarithms 3 0.8
Geomatry: Lines 25 6.2
Geometry: Equations 10 2.5
Geometry: Basic Forms 12 3.0
Geometyy: Angles 6 1.5
Geometry: Areas 7 1.8
Geometry: Volumes & 1.5
Geometry: Perimeters 6 1.5
Exponents, Roots, and Powers 40 10.0
- Polynomials 30 7.5
- e Solving Equations 90 22.5
S Solving Inequalities 30 7.5
Total 400 99,9

Note. Total percentage does not equal 100,00 because of
rounding.
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Table 7

Bomain Cav&r&gg ia Pretesting for Mechanical

Comprehenaion
Area N ) 4

Gears 63 15,8
Ratchet Mechanisus 5 1.2
Pulleys -— lifting 21 3.2
Pulleys ~- Driving 2 3.2
Wheels 4 1.0
Cans 13 3,2
Levers -— Machines 26 6.5
Levers ~- Pivoting Arms 13 3.2
Screws 6 1.2
Cranke 3 0.8
Crankshafts 8 2,0
Pendulums 8 2.0
Mobiles 7 1.8
Springs 7 1.8
Scales 9 2,2
Miscellaneous Devices 28 7.0
Complex Machines 62 15.5
Stress and Supports 17 4,2
Hydraulic Systems 25 6,2
Pneumatic Systems i5 3.8
Physics 39 9.8
Total 400 99.6

Note. Total percentage does not equal 100,0

because of rounding.
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Table 8

Domain Coverage in Pretecting for Electropics

Information

Area N X
Devices 102 25,2
Term Recognition . 3¢ 7.3
Term Definition o 73 18,2
Advanced Electronics S0 22,4
Physics 38 9.5
Important Names 15 3.7
Ingstrugents 18 4,5
Household Electrics 20 5.0
Schematic Diagrams i5 3.7
Total 401 99.7

Note. Total percentage does not equal 100,0
because of rounding.

Table 9

Rumber and Length of Booklets per Content Area in Pretesting

Number of Number of Items Total Mumber

Content Aresa Booklets per Booklet of Items
Goneral Bcience (G8) 7 63 44]
Arithmetic Reasoning (AR) 10 39-41 400
Word Koowledge (WK) 4 100 - 400
Parsgraph Comprehenafon (PC) 12 33-35 403
Automotive Information (Al) 7 £8-59 408
Shop Information (8I) 7 57-53 401
Mathematics Kaowledge (MK) 9 bbb’ 400
Mechanical Comprehension (MC) 8 50 400
Electronices Ioformation (EI) 7 57-58 401
Total 71 3654




Table 10

Perticipating RTCs and Assigned
Exsninee Quotas

RYIC mota

Alr Force

Loackland AFB 4150
Army

¥, Blise 1350

Ft. Dix 1350

Ft. Jackaon 1350

Ft. Rnox 1350

Ft. Laonard Wood 1350

¥e,. MeClellan 1350

Fe. 8111 1350
Marine Corps

Paxris Island 1200

San Diego . 1200
Havy

San Diego 3950




Table 11

Date Used to Transform RTC Pretesting Data to a MEPS~bhased Metric

MEFS Army & Air Force
Content Area Mean 8D Mean SD

Ceneral Science 15,087 4,920 17.853 3,802
Arithmetic Reasoning 17,087 7.122 21.421 5.794
Word Knowledge 23,409 7.558 28,085 4, 887
Paragraph Comprehension 9,824 3.340 11,747 2,299
Automotive Information 15,307 5.682 17.865 4,686
Shop Information 15,307 5,682 17.865 4,686
Mathematics Knowledge 11.17¢ 3,413 13,788 5,487
Mechanical Comprehension 14,117 5,385 16,709 4,716
Electronics Information 11.503 4,255 13.725 3,445

Table 12

Participating RICs and Examiness Pretested

Number of Percent
RTC Exaninees of Quota

Alr Force - Lackland AFB 4466 107.6
Army 9591 161.5
{Ft, Bliss) {1119) (82,9)
(Ft., Dix) {1358) {100.6)
{Ft. Jackson) {1942) (143,9)
(Ft. Knox) (1404) (83,4)
(Ft. Leonard Wood) (1015) (75.2)
(Ft. McClellan) {1427) (105,53}
{(Fr. §111) {1326) {98.2)
Marine Corps 3037 126.5
{Parris Island) (499) {#1.6)
{San Diego) {2538) {211,5)
Bavy -~ San Diegc 3595 1601.2




Table 13

o Huober of Ruaminess per Booklet in Pretesting
e
f Correct ov Corract or .
L Regoded _ Removed Final Recoded Removed Fioal
L Booklet Form Numbers io Editing Bumber Booklet Form Nuwbars  in Editing Bumber
g 1 340 5 335 38 277 1] 77
b 2 339 0 339 39 284 1 283
R 3 333 3 331 40 288 3 283
5 & 333 1 3534 43 284 & 118
- S 330 g 330 62 281 2 279
‘o 6 332 0 332 43 252 0 282
N H a3 ¢ 330 44 284 4 280
e 8 341 i 340 45 273 1 272
< § 321 Q 321 46 15 2 273
% 10 322 4 a8 &7 272 2 270
. 11 317 2 s 48 280 1 279
e 12 304 3 301 49 276 0 276
s 13 31 G 311 50 277 ¢ 277
.?: 14 a1z 4 308 51 285 3 282
3 15 320 i 3i9 52 250 2 248
"y 16 335 i 335 53 271 ¢ 211
17 328 2 326 54 261 (1 251
18 328 2 326 53 271 0 271
19 320 3 315 56 262 (4] 262
20 317 3 314 57 257 13 266
21 311 o 3i1 58 275 1 274
22 314 O 314 59 275 Q 75
: 23 302 1 301 &0 266 3 263
N 24 327 5 322 61 254 0 264
&3 25 317 1 316 62 26% 1 268
- 26 3ig 2 316 63 241 i 240
E- 27 320 2 318 64 256 2 254
- 28 298 3 295 65 285 1 45
29 293 2 291 66 273 1 272
30 303 4 299 67 264 i 263
31 319 0 319 68 255 2 253
32 294 0 294 &9 261 3 264
33 297 ¢ 297 70 259 ¢ 259
34 a7 1 306 73 253 i 52
35 8% 1 284
36 283 o 283 Total 0,842 107 20,736
37 277 2 275
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Table 17

Distribution of Items by Estimeted Difficulty Parameters on the MEPS

Hetric
Content Area
Diff{iculty Range G5 AR WK PC AL 81 MK MC EI
b < ~-2,50 g 0 0 0 0 0 4] ] Q
~2,50 ( b < ~1.32 5 & 49 15 9 2 1 2 i
1.32 < b < ~0.44 38 16 49 29 43 24 i9 12 15
“0,44 < b < 0.44 115 69 100 145 78 71 71 62 &4
0.446 ¢ H < 1,32 119 100 137 165 9L 114 133 142 78
1,32 < p < 2.50 119 166 53 46 138 143 130 126 128
2,50 < b 39 43 iz 1 45 43 45 51 114
Total Analyzed 435 400  A00 401 405 397 399 395 400
Table 18
Distribution of Items Selected for Callbration by Estimated Difficuity

Parameter on the MEPS Metric

Content Area

Difficulty Range G8 AR WK  PC AL 51T HMK  MC KL
~2.50 ¢ b < ~1.32 4 2 20 15 8 1 0 1 1
1.32 < b € ~0,44 35 15 38 25 37 23 18 10 13
~0.44 ¢ b < 0,44 34 63 52 53 51 55 5 35 56
0.46 < b < 1.32 5 58 52 80 52 58 64 69 63
1.32 < b < 2,56 53 59 48 43 52 60 64 65 63
Total Selected 200 197 210 199 200 197 200 200 19¢
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Table 19

Number of Items Selected for and Writtea for Calibration

Content Area Selected Writien Total
General Science 200 28 228
Arithmetic Reasoning 197 48 245
Word Knowledge 210 48 258
Paragraph Comprehension 199 32 231
Automotive Information 200 40 240
Shop Information 197 31 228
Mathematics Knowledge 200 30 230
Mechanical Comprehension 200 30 230
Electronics Information 196 32 228

Total 1799 319 2118




Table 20

Domain Cover&gg in Calibration for General

; Science
4
: é Area N x
Life Science
Human and Animal &4 19.3
Flant 17 7.5
Ecology 12 5.3
Cellular 12 5.3
Physical Science
Chemistry 44 19.3
Work and Energy 10 .4
Electricity and Magnetism 6 2,6
Sound 5 2.2
‘Measurement 8 3.5
Light 5 2,2
Heat 8 3.5
Miscellaneous 5 2,2
Earth Science
Astronomy 19 8,3
Weather 13 5.7
Geology 15 6.6
g - Important Names in Science ' 5 2,2
"
G

N Total 228 100,1

3 Note. Total perceutage does not equal 100,0
because of rounding.




Table 21

Domain Coverage in Calibration for Arithmetic

Reasoning
Area X 4

1. Basic Operations 75 30.6
2, Algedbralc Manipulations 26 10.6
3. Percentages 14 5.7
4, Rate-type Problems 29 11.8
3. Unit Converasion Problems 6 2.4
6. Simple Geometry 3 1.2
7. Two Operations 70 28,6
8. Three or More Operations 22 9.0
Total 245 99.9

_Note. Total percentage dces not equal 100,0
because of rounding.

Table 22

Domain Coverage in Calibration for Paragraph Comprehension

Area N %
Recall of literasl detail 122 52.8
Paraphrase or summary of passage 15 6.5
Recognition of main {idea 20 8,7
Inference regarding material in passage 35 15,2
Application of passage material 8 3.5
Becognition of sequential or cause~and~
effect relationships 12 5.2
Recognition of comparison relationships 19 8.2
Total 231 100,1

Note, Total percentage does not equal 100.0 because of
rounding.




Table 23

Domain Coverage in Calibration for

Automotive Information

Area X 4
Basic Engine 27 11,2
Lubrication 9 3.8
Cooling 12 5.0
Fuel 18 7.5
Battery 4 1.7
Starter 7 2.9
Charging System 5 2,1
Ignition System 12 3,0
Intake/Exhaust System 14 5.8
Engine Testing and Service 23 9.6
Cluteh 5 2.1
Transmigsion—-Standard B 3.3
Transaisaion-~Automatic 8 3.3
Differantial and Rear Axle 7 2,9
Brakes 17 7.1
Tires 9 3.8
Suspension 9 3.8
Accessories S 2.1
Body and Body Repailr 2 0.8
Steering 6 2.5
Basic Parts Recognition 13 6.2
Bagic Operating Procedures 12 3.0
Basile Driving Skills 6 2.3
Total 240 100,90




Table 24

Domsin Coverage in Calibration for Shop

Information
Area N F 4

Tools

Marking/Measuring 19 8.3

Cutting 28 12,3

Shaping 14 6.1

Fastening/Welding 17 7.5

Sanding/Grinding 6 2.6

Drilling 12 5.3

Construction 19 8.3

Miscellaneous Tools 6 2.6
Msterials

Wood 13 5.7

-Metal 11 4.8

Fastening 33 14,5

Miscellanecus Materials 10 4.4
Miscellanesous

Design/Blueprints 16 7.0

Shop Safety 5 2,2

Other 19 8.3
Total 228 99.9
Note. Total percentage does not equal
100.0 because of rounding.
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- Table 25

ks Domain Coverage in Calibration for Mathematics
- Knowledge
@
“fﬁ
" Ares N A
R
B
L.
e Identifying Fractions .
}fi Convertiong Fractions 2 .
-g% Reducing and Building Fractions .
I Reciprocals 1 .
ﬁ{ Conparing Fractions .

e

L L S P e VT QU= 00 NN IO & W

Lemst Common Denominators
Prime Numbers

Factorials

Writing Equations
Absolute Values

Rounding and Place Values
Order of Operations

: Cartesian Coordinates

L Logarithms

Geometry: Lines

Geometry: Equations

for Geometry: Basic Forme

: Geometry: Angles
Geomatry: Areas

-

L] » - L

* L]

« » % & @
L) PO bt N AL L B W S B DR P WD WA D D e 0D mf e B

»

. Geometry: Volumes *
N Geowetry: Perimeters .
- }i Exponents, Roots, and Powers 25 10,
A Polynomiais 22 .
"3 Solving Equations 67 29,
o Solving Inequalities 12 .

(=] MO O @M O ORMNOOWO OO WM e N

Total 230

o
<
»




Tabla 26

Domain Coveragg in Calibration for Mechanical

Comprahension

Area N 4
Gears 31 13.5
Ratchet Mechanisns 5 2,2
Pulleys -~ Lifting 15 6,5
Pulleys =~ Driving 18 7.8
Wheels $ 2,2
Camsg 7 3.0
Levers ~- Machines 25 10.9
Levers ~— Pivoting Arms 13 3.7
Screws 3 1.3
Cranks 4 1.7
Crankshafts 5 2,2
Pendulums 1 0.4
Mobiles 3 1,3
Springs 6 2.6
Scales 3 1.3
Miscelluneous Devices 17 7.4
Complex Machines 23 10,0
Streas and Supports 10 4.3
Hydraulic Systems 8 3.5
Ppeumatic Systems 9 3.9
Physics 19 8.3
Total 230 100.0




Table 27

Domain Coverggg in Calibration for Electronics

Information
Area N 4

Devices 62 27,2
Term Recognition 27 11.8
Tern Definition 32 14,0
Advanced Electronics 12 5.3
Physics 28 12.3
Important Names 11 4.8
Instruments 9 3.9
Household Electrics 18 7.9
Schemstic Diagrams 9 3.9
Device Recognition 20 8.8
Total 228 99.9

Note. Total percentage does not equal 100.0
because of rounding.

Table 28

Number of Bocklets and Iltems per Booklet in Calibratiom

Number of Items per Total
Content Area Booklets Booklet Items
General Scilence & 57 228
Aritimetic Reasoning 7 35 245
Word Kaowledge 3 86 258
Paragraph Comprehession 7 33 231
Automotive Information 4 60 240
Shop Information 4 57 228
Mathemstics Knowledge 5 46 230
Hechanlcal Comprehension 5 46 230
Electronics Information 4 57 228




Table 29

Nupber of Exsminces per Booklet in Calibration

: Correct Form Bacoded Yora Removad in Final
Booklet Bunbers Munbers Rdiring Bunbar
01 3475 41 6 3510
02 34865 36 5 3496
03 3445 k 1 5 3475
04 3427 28 5 3450
05 3397 32 3 3426
86 3401 3s 10 3426
07 3376 - 32 8 3400
08 1307 5% 3 3359
09 3322 29 3 3348
10 3285 32 12 3305
11 3217 38 5 3250
12 3269 29 7 3291
i3 3265 23 5 3283
14 3226 26 5 3247
15 3246 28 4 3270
16 3220 a0 5 3245
17 3211 29 4 3236
18 3180 39 8 3zil
i9 3178 24 7 3195
20 3116 33 8 3146
31 3184 24 i 3207
22 3154 21 7 3168
23 3161 37 8 3192
24 . 3159 36 8 3187
25 3175 1?7 5 3187
26 3164 20 3 k3t 3
27 311 33 4 3140
28 3086 43 7 3122
29 3101 32 8 3128
30 3093 39 6 3126
31 3092 31 10 3113
32 3086 5 & 3105
33 3074 i8 6 3086
34 3038 23 7 3054
3s c13 21 10 30124
K1 2988 28 & 3012
37 299% 25 2 3022
38 2972 38 7 Kit1x]
39 2963 22 i 2984
40 298¢ 25 1 3013
41 2931 22 4 2949
42 2508 21 8 2921
43 2858 32 Z 2888

Total 136,327 1,292 41 137,378




Table 30

‘%ﬁ Examinees with Valid Data for Joint Calibration.

?; Matched Experi-

b Experimental menta, and Opera~ Percentage of

o Content Area Data Cases tional Data Cases Cases Matched
General Scilence 12,801 10,843 84,7
Arithpetic Reasoning 22,252 18,776 84,4
Word Xnowledge 9,659 8,171 84,6
Paragraph Comprehension 22,523 19,097 54,8
Automotive Information 13,050 11,140 83,4
Shop Informstion 12,973 10,923 84.2
Mathematics Knowledge 15,581 13,138 84.3
Mechanical Comprehension 15,608 13,154 85,3
Blectronics Information 12,931 10,931 84,5

Total 137,378 116,173 84.6
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Table 35

Proportion-Coxrrect Scores on Operational Tests for Examinees Taking

Different Experipental Tests in Shop Information

Operational Test

Statistics 9a 9b 10a 10b 10x 10y
Experimentgl Test 1

Mean 0.709 0.695 0.732 0.721 0.723 0,726

5td. Dev. 0.216 0.219 2,225 0,219 0.218 0.228
Experimental Test 2

Hean 0,706 0.680 0.702 0.693 0.704 0.714

Std. Dev, 0.222 0,237 0,235 U233 0.222 0,231
Experimental Test 3

Mean 0,703 0,696 0.686 0.667 0.672 0.670

Std. Dev. 0.215 0,230 0.228 0,230 0.229 $.237
Experimental Test 4

Mean 0.697 0,696 0.693 0,714 0.706 0,690

S5td. Dev, 0,221 0,228 0,236 0,227 0.217 0.23%

Analyses of Variance of Arc-Sine Transformed Values
F 0,237 0.526 3,864% 2. 340% 3,986% 4,360%
df 3, 2066 3, 1968 3, 1818 3, 1843 3, 1646 3, 1557
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Table 43

Distribution of Applicants Across AFQT Categories

Oct-Dec 1981 Oct-Dec 1982
AFQT Score interval Proportion Proportion
category (percentile) z~acore Raw Cunm. Raw Cum,
I 93-99 1.75 0.026 0,999 0.034 1,000
i1 65-92 0.79 0.260 0,973 0.311 0.966
I1la 50-64 0.18 0.154 0,713 0.172 0.655
I1Ib 31~49 0,25 0.202 0,559 0.213 0,483
IVa 21-30 ~0,.66 0.139 0,257 0.128 0.270
Vb 16~20 -0.92 0,081 0,218 0.064 0,142
IVe 10-15 ~1.13 0.082 0,137 0,052 0,078
v 01-09 ~1.64 0.055 0,055 0.026 0,026
Number of examinees 127,188 92,817

Note. These data are for non-prior-service male applicants {(first ASVAB
administration) only. The data are from Gialluca, Crichton, Vale, and Ree
(1934),




APPENDIX A

GUIDELIRES FOR ITEM WRITERS

The Item Stem

The item stem should contain only one cemtral concept or ldea.

The item stem should be complete encugh that an examinee need not
read the response altermatives in order to updersatand what is belng
The item stem should be statzd as concisely as possible to reduce

reading time and aveid unnecessary complexity.

The jitem stem ghould be written in precise language., Highly
technical terms, however, should be areided unless they are
necegsary to eunsure precigion or unless the item is specifically
designed to assess the examinee’s technical vocabulary.

Item stems should not be phrased negatively using qualifiers such
Vague quantifiers {e.g., few, many) should be replaced by more
precise terms (e.g., 10 percent, a majority).

Item text {and illustrations where used) should avoid racial,

When an item stem is an incomplete statement, each alternative
should complete the statement in a grammatically correct manner
{e.g., plural verb forms in the stem may require plural noumns

in the alteratives). When an item stem is a complete question, the
alternatives should be grammatically correct answers to the

Key words or phrases used in the stem should not be repesated in the
correct response alternatlve because this cap serve as a clue that

The distractors shovld be thoroughly wrong or clearly incerrect,
yet plausible enough to appeal to less-knowledgeable examinees,

The distractors should be similar in length and complexity to the

.
2.
asked.
3.
4.
5.
as ngt or least.
6.
7.
etinic, or sexual hias.
The Response Alrernatives
1.
queation,
Z.
an alternative is correct.
3.
4,
correct response alternative.
A,

The distractors should not contain the word never or the word

alwazs since these words are often associated with falsge
statenents,
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A distractor generally should not be opposiie ip meaning to the
correct response or synonymous with another distractor., (Certain
Mechanical Comprehension items will require violations of this
principle~—as in the use of right versus left or up versus down.)

“None of the above" ahould not be used as an alternative unless
other plausible answers do not exist {as in the case of certain
Mechanical Comprehension ftems) and each of the other alternatives
can be clearly and unambiguocusly identified as correct or incorrect.
"All of the above™ should not be used as an alternative.

Alrernatives which vary along a single quantitative or qualitative
dimension should be ordered along that dimenmsion. Alternatives
which are single letters (A-E) or numbers (1-3) should be placed
in their nominal positions,

The position of the correct alternative should vary so that the
correct alternative is placed in each position about 20X of the

time. Assignment of the position of the correct alternstive should
be guided by a random process.
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APPENDIX B
DEVELOPMENT OF RTC TO MEPS PARAMETER TRANSFOBMATIONS

The pretesting of the items ylelded parameter estimates computed
from a sample of examinees at RTCg. These estimates were on a metric
which assumed that ability wes standard (0,1) in the RIC population.
The population of interest in this study was examinees in the MEPS,
Belative to the MEPS population, the RTC saumple is restricted with
respect to ability becsuse the recruite tested in rthe BRTCs are selected
from the MEPS population, at least in part, orv the basis of their
ability as assessed by the AFQT, Thus, a transformation for the RIC
parameter eastimates is required to estimate the values of the
parameteras on the MEPS ability metric. The following developmant
describes the relationship between the RIC and the MEPS metrics.

If u is the score of an individual in the unrestricted (i.e., MEPS)
sample, the stsndard score for that individuval in the unrestricted
sample is given by

€ “(u".{{)[su {1)

where eu = the standardized score,

the raw score,

4
]

u = the mean of the raw scores in the unrestricted sample, and

5
u

the standard deviation of the raw scores in the unrestricted
sample,

By the definition of standard scores, the mean ability im the
unrestricted sample will be zerv and the standard deviation will be one,
If the same transformation 1s applied te scores frowm the reatricted
(i.e., RTC) pample, the mean and standard deviation of the traneformed
scores will be equal to

'é'r-zur-a')fsu} (2)
= (r ~u} / Su
and

g =8 /8
Br T u (3)

where Br = the mean of the transformed scores of the restricted sasple,

-7
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o the standerd deviation of the trsnsformed scores of the
r restricted sample,

r = g2 ravw score from the restricted sample,
r = the mean of the rav scores from the restricted sample, and

§
r

the standard deviation of the raw scores from the
restricted sample,

Item calibration procedures typically scale the ability metric to
{0,1). In so doing, both the MEPS and the RIC samples are sssumed to
have the same ability distribution, even though one is a selected subset
of the cother. By the mechanisms of IRT, however, the two ability scales
differ only by a linesr transformation. BHaving called ability in the
unrestricted sample 8, we will now call ability in the restricted
sample T'. Levels of ability on the two metrics can be considered equiva-
lent if they lead to equal predicted probabilities of cortrect reaponses,
This is true when the logita are equal. Thus, the following must hold
for © and I':

& (©

¥

b) = a% ( '~ b¥*) (4)
where & = the discrimination parameter for the unrestricted sample,
at = the discrimination parameter for the restricted sample,

b

the difficulty parameter for the unrestricted sample, and
bk = the difficulty paramater for the restricted sample,

For the parapeters to be comparable, either the & or the T metric
must be adopted. In this case, the & metric (which {8 standard in the
unrestricted population) is preferred. The relationship between © and T
(where both are standard in their appropriate samples) must therefore be:

r-(a-“e'rus . |
r e

(5)

Substituting Equation 5 into Equation & and rearranging terms, the
6~petric parameter equivalents on the I -sample parameters are:

a=a* (5, /5) (6)
and
b=@ + [ b* (8. /81 (7

m [ ¥~y b b (sr);;/su,




APFENDIX C

ITEM-FQOL IRFORMATION FUNCIIONS
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